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ABSTRACT

Tetracera indica and Averrhoa bilimbi are used in traditional treatment of diabetes
mellitus while Gymnanthemum glaberrimum is used as a remedy for skin cancer. The
objectives of the present study were to investigate the pharmacological activity of
leaves of T. indica, G. glaberrimum and A. bilimbi, and their phytochemical
constituents. Ethanol extract from the leaves of T. indica was subjected to o-
glucosidase inhibitory activity evaluation and isolation of bioactive compounds
followed by molecular docking. Methanol extract of G. glaberrium leaves was
subjected to cytotoxic investigations on A375, HT-29 and MCF7 cancer cell lines,
followed by isolation of bioactive constituents and molecular docking. Purified
compounds were characterized using spectroscopic analysis. Furthermore, the
antioxidant activity of methanol extract of A. bilimbi leaves and its fractions was
investigated and the active compounds were identified by LC-MS-QTOF analysis.
Nine compounds were isolated from T. indica leaves which include; lupeol, betulinic
acid, wogonin, norwogonin, quercetin, tectochrysin, kaempferol and two new
sulphated flavones viz. 5,7-dihydroxyflavone-O-8-sulphate and 5-hydroxy-8-
methoxyflavone-O-7-sulphate. Quercetin, kaempferol and 5,7-dihydroxyflavone-O-
8-sulphate showed significant (P<0.05) a-glucosidase inhibitory activity with 1Csy
values of 61.86 + 2.4, 68.46 £ 3.5 and 133.57 + 5.2 uM respectively, compared to
acarbose (ICsp 419.42 £ 20.29 uM). Molecular docking result showed favourable
mode of interactions of these flavonoids in the active site of a-glucosidase.
Furthermore, four compounds viz. nonacosanoic acid, lupeol, 5-methylcoumarin-4-f3-
glucoside and 4-hydroxy-5-methylcoumarin were isolated from G. glaberrimum.
Lupeol displayed significant (P<0.05) antiproliferative effect against MCF-7 cell
lines with ICs of 34.15 £ 2.32 pg/mL. Lupeol and 5-methylcoumarin-4-B-glucoside
displayed moderate cytotoxic effect on A375 cells with ICsy of 59.18 + 2.70 and
91.84 + 6.78 pg/mL. 4-Hydroxy-5-methylcoumarin, and lupeol displayed significant
(P<0.01) cytotoxic effect on HT-29 cells with 1Csy of 4.22 + 0.13, 15.24 + 1.15
pg/mL respectively, which is comparable with 5-fluorouracil (ICs, 8.00 £ 0.78
pg/mL). CDK2 receptor and CA IX and XII were identified through molecular
docking as potential target for these compounds. The n-butanol fraction of A. bilimbi
extract displayed significant (P<0.05) DPPH radical scavenging effect with 1Cso
(4.14 £ 0.21 pg/mL). It also exhibited significant (P<0.05) XO inhibitory effect with
ICso of 64.84 + 3.93 pg/mL. Afzelechin 3-O-alpha-L-rhamnopyranoside and
cucumerin A were identified through LC-MS-QTOF as possible metabolites
responsible for the antioxidant activity of the n-butanol fraction.
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CHAPTER ONE

INTRODUCTION

1.1 BACKGROUND AND JUSTIFICATION

Diabetes mellitus and cancer are two major diseases with huge impact on health
worldwide. They contribute significant percentage to the overall number of deaths
associated with non-communicable diseases (WHO, 2016).

Diabetes mellitus is a complex metabolic disorder characterized by increased
blood glucose level resulting from insulin inadequacy or defect in insulin action or
both. It affects both the young and the old, and it occurs in all regions of the world
(Jaacks et al., 2016; Zimmet, 2017). Most cases of diabetes mellitus are grouped
under two main categories namely; type-1 and type-2 diabetes. Type-1 diabetes is
also known as insulin-dependent diabetes mellitus (IDDM), in which the pancreatic
B-cells do not produce insulin at all, mostly befalls in children and young adults. It
accounts for 5-10% of diabetes (Maahs et al., 2010). Type-2 diabetes is also known
as non-insulin dependent diabetes mellitus, in which the pancreatic B-cells fail to
produce sufficient amount of insulin or the body lacks the ability to properly utilize
insulin. It is considered the most common form of the disease accounting for 90-95%
of total cases of diabetes worldwide (Maahs et al., 2010). Diabetes mellitus has
become a major public health problem across the world and is considered a key
contributor to the global burden of diseases and disabilities. Its prevalence has been
increasing rapidly due to obesity and sedentary life styles (Malik et al., 2013). It is
considered as one of the largest epidemics in human history (Zimmet, 2017).

According to the International Diabetic Federation (IDF, 2015), about 415 million



people are affected by the disease worldwide and the number is set to further
increase beyond 600 million by 2040. Type-2 diabetes mellitus is one of the major
diseases affecting Malaysians. Its incidence and prevalence is growing steadily. The
prevalence of type-2 diabetes among adults in Malaysia (aged > 18 years) has
increased from 8.3% in 1996 to 11.6% in 2006 and subsequently to 15.2% in 2011
(Wan Nazaimoon et al., 2013). The Malaysian National Health Morbidity Survey
conducted recently in 2015, recorded an overall diabetes prevalence of 17.5% (aged
> 18 years) (NHMS, 2015). Although tremendous progress has been made in the area
of oral hypoglycemic agents, there are still unmet clinical needs with respect to the
prevention of type-2 diabetes in high risk individuals, control of blood glucose levels
and risk of developing long term complications (Bennett et al., 2014). The major
drawbacks of the conventional agents used in the treatment of type-2 diabetes
mellitus are frequent decrease in efficacy overtime leading to inadequate glycemic
control as well as drug related adverse effects (Bennett et al., 2014). Hence, there is
an urgent need for more researches to discover newer and more effective drugs to
overcome diabetes.

Cancer is another important disease that constitutes a major public health
problem. Cancer is a life threatening and debilitating incurable malady characterized
by the abnormal rapid proliferation of cells that invade and destroy other tissues. It
accounts for high number of morbidity and mortality associated with non-
communicable diseases worldwide. It is the second leading cause of death after
cardiovascular disorders. The total number of people living with cancer is growing
steadily due to increase in population as well as exposure to risk factors such as
smoking, poor diet, physical inactivity, reproductive changes and environmental

pollution (Torre et al.,, 2015). Recent report has shown that, there were



approximately 14 million new cases and 8.2 million cancer related deaths in 2012,
and more than 60% of the world’s total new annual cases occur in Africa, Asia and
Central and South America (Torre et al., 2015). These regions account of 70% of the
world’s cancer deaths. There are different types of cancers depending on the tissue or
organ affected. The most common among them include cancer of the brain, lungs,
breast, colorectal, skin, cervix, bladder and prostate. Today, cancer is one of the
leading causes of mortality in Malaysia. Recent report from Malaysian cancer
registry shows that, a total number of 103,507 new cancer cases were diagnosed
during 2007 to 2011. About 45.2% of cases were reported in males while females
have 54.8%. The five most common cancers among Malaysian males were cancers
of the colorectum, lung, nasopharynx, lymphoma and prostate while cancers of the
breast, colorectal, cervix uterus, ovary and lung are the most common among females
(Azizah et al., 2016).

Plants used in folklore medicine represent an important source of biologically
active compounds that could help to meet our current need for better anti-diabetic
and anticancer drugs. According to the World Health Organization (WHO), large
percentage of people living in Africa and Asia use the traditional or complementary
alternative medicine to help meet some of their main healthcare needs. People in
Europe, Australia, and United States have been increasingly embracing the use of
traditional herbal medications to complement orthodox medicine (Qu et al., 2014;
Rounds et al., 2017). Cumulative evidence from research with medicinal plants has
revealed that their bioactivity is not due to a single chemical entity but often results
from synergistic effect of multiple constituents, which implies that the secondary

metabolites in a plant extract that are derived from their diverse chemistry, can act on



different and multiple targets involved in the pathogenic process, to augment overall
therapeutic efficacy (Yang et al., 2014).

In spite of the great development in synthetic and combinatorial chemistry
techniques, natural products remain an important source of molecules for discovery
of new drug entities. For example, detailed investigation of new drugs approved by
the US Food and Drug Administration (FDA) between 1981 and 2010 has shown that
34% of those drugs that were based on small molecules were either natural products
or their direct derivatives including; hypolipidemics, anticancer drugs and immune
suppressants (Newman and Cragg, 2012). From around the 1940s to the end of 2014,
of all the 175 small molecules approved for cancer therapy, 85 (49%) are either
natural products or their semi-synthetic derivatives (Newman and Cragg, 2016). The
above analysis emphasizes the importance of natural product as source of valuable
drugs for treatment of diseases and enhancement of general well-being. The
discovery of drug from a medicinal plant often starts from the knowledge of its
application in folk medicine, which is then subjected to pharmacological
investigation to ascertain the authenticity of the claim. The natural product is
required as a pure and characterized compound for further pharmacological
investigation. This is achieved through bioactivity guided isolation and
characterization using spectroscopic technigues.

In view of the foregoing, this research was focussed on the phytochemical and
pharmacological investigations of Tetracera indica, Averrhoa bilimbi and
Gymnanthemum glaberrimum leaves extracts which are claimed to be useful in the
traditional treatment of diabetes mellitus and cancer but their phytoconstituents have

not been well studied.



